Many diseases with unknown etiology may be caused by unidentified viruses. Sequence-independent amplification revealed a new astrovirus, similar to VA1, in a 4-year-old male diagnosed with celiac disease. This expands the geographic range of this virus to include Europe and may associate astrovirus infection with the onset of celiac disease.
Infectious diseases pose a continuous disease burden on humans, and many diseases with unknown etiology may be caused by unidentified viruses. Key to effectively counter the potential public health threat caused by emerging infectious diseases requires a systematic exploration of infectious viruses. Diarrhea is a common cause of morbidity and mortality. In developing countries, the mortality associated with gastroenteritis has been estimated at 3 to 5 million cases per year (24) . In industrialized countries, although typically self-limited, diarrheal diseases are a significant cause of morbidity among all age groups. Most gastroenteritis cases in industrialized countries are caused by viruses (24) . However, the etiological cause of a large proportion of diarrhea cases (up to ϳ40%) remains unresolved. The implementation of new technologies for virus discovery, based on microarrays or sequence-independent amplification of nucleic acids, already resulted in identification of many previously unknown viruses, among which are several new human astroviruses in human stool samples (1, 2, 5-9, 11, 14-16, 19-21, 23) .
From the Diagnostic Unit, Department of Virology, Erasmus Medical Center, Rotterdam, Netherlands, we received 84 diarrhea samples of unknown etiology for further analysis on the potential presence of viral pathogens. Random sequence-independent amplification of RNA on an initial subset of these samples revealed the presence of new picobirnaviruses and a rhinovirus (22) and was now also performed on diarrhea from patient VS34. A total of 138 clones were sequenced, and most of the sequences were unclassified or of bacterial origin. Three out of 138 clones contained sequences most closely related to mink and ovine astroviruses by BLASTn similarity searches (3) .
To acquire the 3Ј ϳ4,400 bp of the astrovirus genome, the astrovirus sequence reads from a stool sample from patient VS34 were assembled in different contigs and the nucleic acid between the contigs was obtained by reverse transcriptase-PCR (RT-PCR) with 400 nM primers VS474 and VS475 ( Fig.  1 ; Table 1 ), 1ϫ AmpliTaq Gold reaction buffer, 2.5 mM MgCl 2 , 200 M each deoxynucleoside triphosphates (dNTPs), and 2.5 U AmpliTaq Gold with Geneamp (Roche). The conditions for amplification were 95°C for 5 min, followed by 40 cycles of 95°C for 30 s, 50°C for 1 min, and 72°C for 1 min, followed by a single incubation at 72°C for 10 min. In addition, 3Ј rapid amplification of cDNA ends (RACE) PCR was employed, using primers VS430, VS431, VS457, VS432, and VS458 ( Fig. 1 ; Table 1), as described previously (22) . Amino acid sequences from open reading frame 1b (ORF1b) and ORF2 of the astrovirus from sample VS34 were aligned to the respective complete ORFs of other astroviruses in GenBank with ClustalX 2.0. Maximum parsimony trees were generated using MEGA version 4.1beta (18) in a manner similar to that used in previous astrovirus studies (5) (6) (7) (8) . This analysis demonstrated that the astrovirus from sample VS34 was closely related (Ͼ99% identical) to the recently described astrovirus variant VA1, which is most closely related to mink and ovine astroviruses in ORF1b and to mink and California sea lion astroviruses in ORF2 (Fig. 2) (8, 14) .
To determine whether astrovirus VA1 is prevalent in gastroenteritis cases in the Netherlands, the other 83 diarrhea samples were screened with an astrovirus VA1-specific PCR, as described above, and a degenerate astrovirus PCR (14) ( Fig.  1 ; Table 1 ). This sample set was skewed for young age as 40 of these patients were children Ͻ5 years of age (22) . No evidence for infection with astrovirus VA1 was obtained. Subsequently, 245 diarrhea samples from Dutch patients with gastroenteritis in 2009, not prescreened for known pathogens, were screened negative for the presence of astrovirus VA1 with the astrovirus VA1-specific PCR. These data suggest that the prevalence of astrovirus VA1 in patients with gastroenteritis in the Netherlands is low.
Patient VS34 was a 4-year-old male with a history of malaise and abdominal pain for over 6 weeks. A gastroduodenoscopy was performed, and histological examination of duodenal biopsies showed evidence for celiac disease, characterized by total villous atrophy and lesions of type Marsh IIIc. To evaluate whether astrovirus infection is associated with onset of celiac disease, diarrhea samples from four additional patients with onset of celiac disease (Ͻ4 years old) were analyzed for known pathogens using routine diagnostic assays and/or for the presence of astroviruses (Table 2 ). Standard diagnostic realtime PCR revealed that a 1-year-old female was positive for enterovirus, and a 3-year-old male was positive for astrovirus using a diagnostic enzyme immunoassay (ProSpecT Astrovirus test; Oxoid). None of the patients, however, was positive for astrovirus VA1.
In this study, we obtained evidence for the presence of a new astrovirus that resembled the recently described astrovirus variant VA1 (5, 8) . This astrovirus variant is highly divergent from all previously described astroviruses, explaining how this virus escaped detection during routine astrovirus diagnostic assays in the Diagnostic Unit, Department of Virology, Erasmus Medical Center, Rotterdam, Netherlands. The detection of astrovirus VA1 in a Dutch diarrhea sample expands the known geographic range of this virus beyond North America and Nepal to include Europe (8, 14) . A total of 328 patients with diarrhea were screened negative for the presence of astrovirus VA1, suggesting a low prevalence of astrovirus VA1 in patients with gastroenteritis in the Netherlands, which is in line with previous observations (5, 14) . Future studies are needed Phylogenetic analysis of astroviruses. Panel A shows the phylogenetic tree of the ORF1b-encoded amino acids generated using MEGA 4.1, using the maximum parsimony method with 1,000 bootstrap replicates. Significant bootstrap values are shown. Panel B depicts the phylogenetic tree of the ORF2-encoded amino acids generated using MEGA 4.1, using the maximum parsimony method with 1,000 bootstrap replicates. Significant bootstrap values are shown. HAstV, human astrovirus. The other astroviruses are named by the host species in which they were identified. GenBank accession numbers are available on request. to define a causative role of this virus in gastroenteritis. In addition, the previously unrecognized high diversity of astroviruses (5) (6) (7) (8) 14) warrants the development of new diagnostic assays. It remains interesting that the new astrovirus variant VA1 was detected in a patient with new-onset celiac disease. Celiac disease is precipitated by the ingestion of gluten in genetically susceptible individuals and can cause a broad range of signs and symptoms, among which are constipation, fatigue, headaches, mild gastrointestinal complaints, diarrhea, and weight loss (10) . In two out of five patients with onset of celiac disease, astroviruses were detected, and one out of five patients was enterovirus positive. Infectious agents have been implicated in the pathogenesis of celiac disease, among which are adenovirus, hepatitis C virus, and rotavirus (4, 12, 13, 17) . Whether entero-and/or astroviruses are associated with development of celiac disease remains to be determined. 
